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In the present study, the influence of spud-can-soil 
modeling and parameters on the reliability index of jack-
up platform is investigated. Neka platform is studied as a 
case which is a 3-leg drilling jack-up type platform located 
in water depth of about 91m in Caspian Sea region. 
Various spud-can-soil interaction models such as pinned, 
fixed-base, hyper-elastic and non-linear elasto-plastic 
spud-can models are applied. The soil type is varied from 
loose to dense sand and also from soft NC-clay to very 
stiff OC-Clay. The effects of bias and COV of the spud-
can-soil interaction modeling and also the soil parameters 
such as effective interface soil friction angle and also un-
drained shear strength of clayey soil are studied. The 
results showed that inclusion of spud-can-soil interaction 
may have a considerable effect on the reliability of the 
Jack-up platform. In particular, the bias and COV of soil 
shown to have more significant influence on the reliability 
of jack-up platform in loose sand and soft clayey type 
soils. It is also found that bias in strength modeling of 
jack-up itself has less profound effect on the reliability 
index of the jack-up-foundation-soil system. Importance 
factors of spud-can-soil modeling are found to be quite 
considerable. The key aspect is that the inclusion of jack-
up-spud-can-soil interaction is more crucial with respect 
to the reliability of jack-up platform than the choice of 
interaction model itself.  
 
Keywords: Drilling jack-up platform, Spud-can-soil 
interaction, Reliability index of system. 
 
INTRODUCTION 
 In the recent decades, due to the overwhelming 
demand for offshore oil exploration, the offshore industry    
has put more emphasis on operating mobile drilling units ttps://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Use          
such as jack-ups. The jack-up drilling platforms have 
been usually designed to operate at sea water depths up 
to 110m. During Installation of these units the overall 
stability of the unit as well as its performance during 
drilling operation mainly depends on the spud-can-soil 
interaction. Hence, the effects of spud-can-soil interaction 
modeling and also its main parameters on the reliability of 
the jack-up platform have to be studied carefully. For his 
aim, we considered the 3-leg Neka drilling jack-up 
platform which was initially designed by Riploa Company 
and built during the past decade by Sadra Company and 
now it is operational. During the installation of the Neka 
jack-up platform some problems have occurred which 
resulted in a plastic hinge formation in one of the main 
legs of the platform in the leeward direction. The problem 
caused an instability problem for the Neka jack-up 
platform. The main leg of Neka drilling jack-up platform 
was later repaired by 2000 and it was again in operation 
up to date in the Caspian Sea region. The operation of 
many other drilling mobile jack-up units have also been 
affected by the spud-can footing and soil interaction 
during and after installation of such units. Many other 
accidents and damages on jack-ups reported in the 
recent years by the offshore industry which included the 
spud-can-soil failures and therefore new guidelines were 
established such as HSE[12,13]. Previous reliability 
studies of the jack-up units by Amdahl et al.[1], Binen et al 
[2], Casidy et al.[3,4] , Daghigh[6] , Karunakaran et al.[ 
17] ,Moan [20], Morandi et al.[21] , Shabakhti et al.[23], 
Spidsoe et al.[24], Emami Azadi[8] have all considered 
these failures. In the current work, we consider the 
influence of the spud-can-soil interaction modeling and 
also its parameters as random on the reliability index of 
the overall jack-up-spud-can-soil system.      1  Copyright © 2008 by ASME
: http://www.asme.org/about-asme/terms-of-use
DownloaTHEORETICAL BACKGROUND 
The so-called FORM and SORM methods have been 
applied during the course of this study to analyze the 
jack-up system. The jack-up limit state function has been 








XXXXR represents the resistance of 
the jack-up system as a function of super-structure, spud-
can, soil random parameters and also the spud-can-soil 
interaction modeling and ),(
WLMSS
XXL  the load on the 





χ denote the bias for the 
resistance and the bias for load on the jack-up system, 
respectively. 
The annual probability of failure of the jack-up system 
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Where, the annual probability of jack-up system 
failure is defined here as probability of having less 
ultimate strength of the jack-up-spud-can-soil system than 
the annual load. Then the annual jack-up-spud-can-soil 




















δ         (3)  
where the first term in Eq.3 represents the reference 
value of the random resistance parameter R(X) computed 
for instance at the mean values of the each array's 
parameters, however, the second term in Eq.3 includes 
the first derivate of the jack-up system resistance w.r.t 
each of the random variables in the arrays
SSMSSCSS
XXXX ,,, . The simplification above is based on 
the assumption that the variation of each random 
parameter 
i
Xδ  is relatively small (that is to say 10-20% at 
max. of that particular random variable
i
X ). Then the last 
term which represents the error in the linearization of the 
jack-up strength function will be minimized.  
The reliability index of the jack-up system can then 
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represent the first derivates of the jack-up 
system resistance and the annual load, with respect to 
their random parameters at their reference points (say for 
e.g. their mean values).  In Eq.4, it is assumed that the all
i
X random parameters are uncorrelated. However, if 
some of them are assumed to be correlated then the 
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      Then the reliability of the jack-up system can be 













 denotes the probability density function 
of annual jack-up-spud-can-soil system failure.  
In many structural engineering problems such as the 
current  Jack-up case, all the mean values are not 
immediately known from the initial data given and so 
taking the design points on the failure surface may 
provide a better and more efficient solution. In the 
RELJSS program [9], we have therefore transferred the 
limit state function according to Eq.1 to a standard 
Normal U-Space as follows (for e.g. see Madsen et 
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where the limit state function g(U) is then approximated 
by a first order tangent hyper-plane to the non-linear 
failure surface or a second order surface at the design 
point U*. In the first order method (FORM), g(U) limit state 
function may be simplified as (see for e.g. Hovde et 
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In which we have:  
 
** .UTαβ =                                                               (9) 
where 
*α  can be also written as (see for e.g. Tvedt,[26]): 2 Copyright © 2008 by ASME 
: http://www.asme.org/about-asme/terms-of-use
                            
                                               
















−=α             (10)    
where in Eq.10, the R-H-S can be performed vectorially.  
The latter means that 
*α is a unit vector normal to the 
failure surface in U-Space with an inward direction and 
this also implies that: 1. ** =αα T    and hence, from Eq.9 
above, we can obtain the U-random parameter of jack-up 
system at the design point as: 
 
** .αβ=U                                                             (11) 
 
The latter also indicates that the design point is the 
closest point on the failure surface )(Ug
u
 to the origin of 
the coordinate system on the U-Space and so the 
reliability index of the jack-up system will also be the 
minimum distance from this failure surface to the origin. 
A second order formulation can be obtained by 
truncating the Taylor series of expansion for the limit state 
function )(Ug
u
 in the normalized U-Space after the 
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In the RELJSS algorithm [9], after each iteration step 
of reliability analysis, the previous values of the random 
parameters are updated in X-Space by pre-multiplying 
with the corresponding design factors in the X-Space. For 




X can be computed as follows (see for e.g. Hovde 








,, βα denote the root square of importance 
factor, the reliability index and the coefficient of variation 
for jack-up random strength variable
i
X  with a mean 
value of
i
X . Likewise, for the annual load parameters on 
the jack-up system, the
*
j
X can also be updated after 
each iteration of reliability analysis as follows (see for e.g.  









V,., βα denote the square root of the 
importance factor for the annual load random parameter
j
X , the reliability index and the coefficient of variation for  
oaded From: https://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Usethat particular random load parameter 
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JACK-UP SYSTEM MODELING   
The Jack-Up system modeling consists of 3-main leg 
structural model, hull model and spud-can foundation 
model. The main legs are modeled by using pipe 
elements while the hull structure itself is represented as     
equivalent general beam sections and the supporting 
spud-can foundation is modeled by using full 2D-elasto-
plastic spud-can-soil interaction elements. The upper 
deck drilling facilities are not modeled here. While the 
hull-to-leg connections are also modeled using the non-
linear spring elements in usfos computer program [15]. 
The masses are modeled as lumped at nodes of hull 
while for main legs consistent mass matrix system is 
applied. The hysteretic damping and the tangent stiffness 
matrix of the nonlinear spud-can elements are computed 
in a consistent manner. The dynamic equation of motion 








F =++                                                    (15)       
Where, Fi, Fr, Fd and Fe represent the inertia force, the 
restoring force, the hysteretic damping force components 
and the excitation force, respectively.  
STRUCTURAL MODELING  
The limit state function F(X) for the jack-up system 
under the action of waves and current is considered in the 










NFXF                                  (16)        
where N, Q and M represent the axial force, the shear 
force and the bending moment components at each cross 
section, respectively. NP, QP and Mp indicate the plastic 
axial, shear and bending moment resistance of the cross-
section of the structural member. The consistency 













∂ +∆=∆                            (17)         
where S,P and N denote the tangential force, the external 
load and the axial force in the jack-up member, 
respectively. Other parameters are as defined above. The 
consistency of the yield surface then implies that:   
0=∆F                                                                         (18)        3 Copyright © 2008 by ASME 
: http://www.asme.org/about-asme/terms-of-use
Downloathe normality rule implies that during any plastic strain, 
the vector of plastic strain increment should be normal to 
the yield surface at that point. 
 
Fig.1 A Spud-Can Footing of Jack-Up System (After 
Amdahl et al, 1993) 
SPUD-CAN FOUNDATION MODELING 
      In this section, we describe a plastic interaction model 
for the spud-can foundation of jack-up platform. As shown 
in Fig.1, the spud-can foundation is modeled as a coupled 
elasto-plastic spring using a plasticity flow rule. It is 
assumed that there is a strong capacity interaction 
between various force components, namely, H, V, M . The 
yield surface shape for the case of M=0 has been 
formulated [1,12] based on the bearing capacity theories 






π=                                             (19) 
 
Where Ho, VP and V represent the base-shear capacity at 
zero overturning moment (M=0), the vertical pre-load and 
the current vertical load. The computations by Van 
Langen et al.[27] showed that the shape of the yield 
surface is slightly changed in this case with the internal 
friction angle of the sand at the sea-bed, on the pre-load 
level of jack-up and the apex angle of the spud-can 
foundation. Nevertheless, the penetration in the sand 
layer at the sea-bed together with the pre-load effect will 
give rise to a base moment capacity (i.e. M≠0). This will 
certainly have a considerable impact on the overall jack-
up rig behavior. In addition to these parameters, the 
effective radius of the spud-can base RE also affects the 
overturning moment capacity.  
     The moment base capacity MO at zero base 
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A unified yield function f(V,H,M) ≤0 has been used in 
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      A similar function for the failure surface has been 
proposed by Van Langen et al.[27] , which has also been 
used in usfos jack-up analysis. Another function for the 
bounding surface taking a kinematic hardening rule has 
been applied as[1,15]: 
      
Gyuy Rffff )( −+=                                            (23)  
 It has to be noted that both the initial yield and the final 
bounding surfaces are given by Eq.22 applying the 
moment capacity factors of 0.3 and 0.625 for these two 
surfaces, respectively. RG parameter is a function of 
plastic hinge rotation θp in the spud-can footing [15]. In 
the hardening law based on Hansen's bearing formulation 
[10] for the shallow footings, it is assumed that the footing 
embedment can play a role as a hardening parameter. 
Hence, the pre-load is considered as a non-linear function 
of the spud-can penetration depth (d) into the sea-bed,  
the soil internal friction angle (φ) and the spud-can apex-
angle (β). 
     A non-associated type plasticity rule has been used in 
the current pushover analyses in usfos program. This 
decision was taken, since previous studies by Amdahl et 
al.[1] has shown that the associated form of plasticity flow 
rule has lead to some unrealistic uplift and hence a 
permanent reduction in the capacity. This flow rule would 
result in a smooth transition in the yield surface and less 
plastic uplift too. It is therefore decided to use the plastic 
potential formulation given by Van Langen et al.[27] in 
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NUMERICAL SOLUTION METHOD 
    The nonlinear dynamic equation of motion of the vessel 
impact on the jacket platform is integrated in the time 4 Copyright © 2008 by ASME 
e: http://www.asme.org/about-asme/terms-of-use
                                 
Downldomain by means of HHT-α algorithms (Hilber et al, [11]). 
This algorithm is actually based on the Newmark’s-β 
family of schemes, however, it introduces some numerical 
damping by means of time averaging. The dynamic 

























   (25)       
 
where n and n+1 denote two consecutive time states. 
The effect of α parameter is to damp out higher order 
frequency contributions into the global platform response. 
M, Ma, C(r) and K(r) represent the structural mass matrix, 
the hydrodynamic added mass matrix, the damping 
matrix and the restoring force matrix, respectively. The 
numerical integration of Eq.25 can be performed by 
means of a conventional predictor-corrector scheme. This 
method allows for time-step scaling in the predictor phase 
in order to bring the force back to the yield surface once a 
yield has occurred. 
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Fig.3 A Deformed Shape of Neka Jack-up Model in Y-






Fig.4 A view of Spud-Can foundation embedded into 
soil (After Nobari)  
 
CASE STUDY  
       Several dynamic pushover analyses were carried out 
for various soil type and spud-can penetration depth into 
sea-bed soil. The structural and foundation descriptions 
for the Jack-up platform are given in details by Daghigh[6] 
and Nobari [22]. 
 








Fig.6 A Deformed Shape of Spud-Can-Soil Model 
with Corresponding Plastic Utilization Factor   
STRUCTURAL SYSTEM 
     The finite element model of the jack-up system has 
been shown in Fig.2. As shown the jack-up consists of 
three main legs and a hull which supports the drilling 
facilities on its top. The main legs are supported on three 
spud-can foundations. Each main leg has a lattice 
structure consisting of 3 chords and the bracing system. 
The bracing system includes horizontal and vertical 
braces as well as the diagonal-braces. The hull is located 
95.2m above the sea bed while the top of main legs are 
located 125.5.m above the base.  The hull structure is 
modeled using the equivalent tubular and general beam 
members in a triangular form horizontally braced frame as 
shown in Figs.2 and 3. Detail description of the Neka 
Jack-up is given by for e.g. Daghigh,[6] and Nobari,[22].   
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      The foundation of the jack-up system consists of 
three shallow spud-can footings. Each spud-can footing 
has a conical shape at its base while it has a diameter of 
18.7m and a total height of 9.6m. Fig.1 shows a typical 
configuration of the spud-cans.  Apex angle of spud-can 
is also varied from 60 to 85deg. The embedment of spud-
can is varied between 8.5m and 14.5m. Fig.4 shows a 
more refined finite element model of spud-can footing of 
Neka Jack-up platform by Nbari[22]. Figs 5 and 6 show 
the visualization of our finite element model for the spud-
can footing and its deformed shape with an indicator of 
plastic usage factor for spud-can-soil interaction in usfos 
program [15].  
LOAD DESCRIPTION 
        The gravity, functional and environmental loading 
are applied on the Jack-up platform. The gravity load 
consists of self-weight of jack-up main legs and spud-
cans, hull structure weight. The self-weight of platform is 
applied on each element as distributed load and also the 
other parts are considered as equivalent nodal loads. 
Functional loads due to the drilling and other top facilities 
are also considered as nodal and also equivalent 
distributed loads on the hull structure. To generate sea 
waves, a 5
th
 order stokes wave theory is used. A modified 
design significant wave height of 15.5m with a mean 
period of 13.6 sec is used for the initial dynamic pushover 
analysis. Also we used in most pushover dynamic 
analyses, a more appropriate significant wave height for 
the Neka region as Hs=12.5m. The generated wave 
height using the Stokes's 5
th
 order wave theory is then 
increased in an incremental manner until the ultimate 
jack-up collapse. The sea wave forces are computed 
according to Modified Morison's equation (see for e.g. 
Chakrabarti[5]) using a drag coefficient of CD as 0.7 and 
inertia coefficient Cm as 2.0.  A current profile with a 
maximum speed of 1.2m/sec at the sea surface is used. 
The wave and current induced loads are superimposed 
and applied on the wet part of jack-up platform. Current 
wheeler stretching technique is used to compute the 
current induced forces at the instantaneous sea surface. 
Detail description is given by Daghigh [6].   
SUMMARY OF RESULTS  
Fig.7 shows the static and dynamic total base shear 
of the studied jack-up-spud-can-soil system variation with 
the sea wave heights ranging from 2m-36m. The base 
shear relationships are obtained in Fig.7, based on a 
series of pushover static (cyclic) and dynamic (cyclic) 
analyses as fitted lines to the results. Two sets of power 
functions are used to fit the obtained results in the range 
of wave height (2-16m) and (16m-36m). The power 
relations are plotted in Fig.7 as dashed lines. It is seen 
that for the annual wave heights which are then used in 
our FORM and SORM reliability analyses, both dynamic 6 Copyright © 2008 by ASME 
http://www.asme.org/about-asme/terms-of-use
Downloand static base shear vs. wave height relationships have 
power form in order of about 2..05. This means that the 
studied Jack-up system is mainly drag dominated. The 
Keulegan-Carpenter DH /π  reference numbers 
obtained in the range 62-150 which would also indicate 
that the Jack-up structure is associated with a drag 
dominated hydrodynamic force regime. Fig.7 also 
indicates that the dynamic total base shear is 
comparatively larger than the total static base shear for 
this structure in particular as the wave height increases 
up to 36m. The mean and maximum ratios of dynamic to 
static total base shear for this Jack-up are about 1.58 and 
2.46, respectively. The latter indicates that the dynamic 
inertia effects on the total base have a quite considerable 
effect for the Jack-up system. This dynamic amplification 
can be related to the relatively large fundamental period 
of the Neka Jack-up system which varies in the range of 
8.31-10.87sec for various spud-can and soil types. This 
means that due to the proximity of the wave periods to 
the fundamental period of the Jack-up system considering 
of the spud-can-soil interaction, the linear dynamic 
amplification effect dominates. Moreover, due to the large 
maximum displacements obtained at the deck level in the 
range of 2.76m to 4.5m, the non-linearity dynamic effects 
were also superimposed on the overall response of the 
jack-up system.     
Figs.8 and 10 show the reliability index and the 
annual probability of failure of the Jack-up system with 
variation of the soil internal friction angle at its spud-can 
base for Hs=15.5m.and Hs=12.5m, respectively. As seen, 
two limit different limit state functions are used in our 
reliability analyses here using FORM method. The first 
function considers the bias of resistance and also bias of 




χ ) according to Eq.1 
above. The second limit state function is also evaluated 
using FORM method with an un-biased form as: g(X)=R-L 
. As seen in Fig.8, the reliability index (β) increases very 
sharply from about 1.8-2.1 to about 3.2-3.6 (for LSF1 and 
LSF2, respectively) with the increase of the friction angle 




. While a further increase 
of soil internal friction angle up to 45
o 
has resulted in a 
decrease of β index to about 2.8-3.18.  Fig.9 shows the 
annual probability of failure (Pf) vs. the internal friction 
angle of soil at the sea-bed. The annual probability of 
failure of jack-up system has decreased sharply from 
about (1.79%-3.6%) for a very loose sand with φ =10
o
 to 
values in the range of (1.59-6.87)*10
-4
 for a medium-
dense sand with φ= 28
o
. However, Fig.9 also indicates 
that for more compact dense and very dense sands, the 
Pf increases to 0.26% and 7.36*10
-4
. This might be 
related to the fact that in the medium-dense sand a better 
spud-can penetration can be achieved with a moderate 
preload factor on the Jack-up system of let say 1.0 but as 
the sand becomes very dense then the effective 
penetration and  hence the preload effects might also be  
aded From: https://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Usesomewhat reduced. Fig.10, however, shows that using a 
smaller Hs=12.5m which is more appropriate for the Neka 
region than the modified design value of Hs=15.5m or 
even higher value of 16.1m which was used in the initial 
design corresponding to a North-Sea area, has resulted 
in a reliability index (β) varying from 3.2-3.58 to 4.4-4.7 
ranges for sands with φ=10 to 45
o
. If we use the biased 
limit state function 2 with the resistance and also the load 
modeling uncertainties taken into account then a 
maximum reliability index of about 4.4 may be achieved 
at medium dense sand with a pre-load factor of 1.0. But it 
has to be emphasized that other possible effects such as 
sea-bed subsidence or punch through effects are not 
considered in this study. 
Fig.11 shows the results of reliability analyses using 
FORM method, vs. the soil un-drained shear strength 
(Su) for clay type soil at the sea-bed. As seen, for very 
soft clay with Su ranging from 2 to 50 KPa, the reliability 
index of Jack-up system increases very rapidly from 
about 0.5-1.0 to about 3.8-4.0, while further increase of 
Su from 50KPa to 100 KPa has resulted in a slight 
increase of (β) value to about 4.0-4.4. For stiffer clays 
with Su=100 to 400KPa there is very slight change in the 
reliability index.    
Fig.12 shows the influence of the preload factor on 
the spud-can stability and hence on the reliability index of 
the Jack-up system.  It is seen that the reliability index for 
preload factor of smaller than 0.5 is less than 2.0. This 
means that the Jack-up may fail due to instability problem 
related to the spud-can-soil resistance. While for the 
preload factors greater than 1.0, the reliability index 
increases from about 2.2-3.4 to about 4.0-5.0 at preload 
factor of about 2.0-2.5. The upper-bound limits of (β) in 
these ranges are related to Hs=12.5m and the lower-
bounds to Hs=15.5m.   
Fig.13 shows the reliability index variation with the 
total dynamic base shear (BSDYN) of Jack-up system 
with various support conditions, pinned, fixed, Spud-can-
soft-clay, Spud-Can-Medium-Loose to Dense Sands for 
Hs=12.5m and Hs=15.5m. As shown, the lowest points on 
all 4 curves correspond to the Spud-Can footing on a soft 
clay of Su<50KPa with G<12MPa while the upper points 
on these curves corresponds to the Jack-up system with 
fixed base. As seen on Fig.13, the reliability index varies 
very significantly with the support condition of the Jack-up 
system at the sea-bed. For the Spud-Can footing on the 
loose sand the reliability index is also found to be about 
5-10% smaller than medium dense sand, this in terms of 
annual probability of failure means more than twice (i.e. 
2.0-2.35 times).  It is also quite interesting that we found 
that the annual probability of failure of jack-up with 
respect to spud-can-soil interaction for the case of softer 
clay might be about 15.2 times that of the Jack-up system 
without considering the nonlinear spud-can-soil 
interaction effect (i.e. β decreases  from 3.7942 to 





Downlo       Fig.7 Total Dynamic and. Static Base Shear vs. Wave    




Fig.8 Reliability Index of Jack-up system variation. 








aded From: https://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Us 
         Fig.9 Annual Probability of Failure of Jack-up system 




Fig.10 Reliability Index of Jack-up system variation. 
With the Internal Soil Friction Angle (Hs=12.5m)   
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Fig.11 Reliability Index of Jack-up system variation. 
With Un-drained Shear Strength of Soil (Hs=12.5m)    
 
Fig.12 Reliability Index of Jack-up system variation. 
With Preload Factor (Hs=12.5m, Hs=15.5m)    
CONCLUDING REMARKS 
      It is shown that the support condition may have a 
profound effect on the reliability index of the jack-up 
platform under action of extreme sea waves and current. 
In particular, it is shown that assuming the fixed support 
condition may be absolutely unrealistic. It is also shown 
that the very usual pinned support condition which 
neglects the spud-can-soil interaction may result in an 
unrealistic prediction of the reliability of the Jack-up 
system. In some soil types, such as softer clays with 
Su<50KPa it is found that more realistic modeling of 
spud-can-soil interaction may result in an order of 
magnitude higher annual probability of failure for Jack-up 
platform.     
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Fig.13 Reliability Index of Jack-up system variation. 
With Dynamic Base Shear (Hs=12.5m, Hs=15.5m)    
 
      It is also observed that the soil internal friction 
angle(φ) which is also correlated on its shear modulus 
may have significant influence on the reliability of the 
jack-up rig. It is seen that the reliability index (β) 
increases very sharply from about 1.8-2.1 to about 3.2-
3.6 (for LSF1 and LSF2, respectively) with the increase of 





a further increase of soil internal friction angle up to 45
o 
has resulted in a decrease of β index to about 2.8-3.2. 
This indicates that the reliability index for the Jack-up's 
spud-can footing supported on the medium dense sand 
may be considerably larger than that of very loose sands 
and slightly greater than that of denser sands.  
      It is also concluded that the un-drained shear strength 
of clayey soils may have significant effect on the annual 
probability of Jack-up system failure. In particular, the 
effect of spud-can-soil interaction on the overall Jack-up 
reliability for soft clays with Su=5 to 50KPa is very crucial.   
        It is also found that pre-load may have a quite 
significant role in stabilizing the jack-up rig and reducing 
the dynamic response of the rig and hence its probability 
of failure. It is observed that for preload factor of less than 
0.5 the reliability index can be smaller than 2.0. This 
would signal Jack-up's overall instability and hence its 
failure. However, increasing the preload factor to 2.0 may 
result in an increase of reliability index by more than 2.0. 
Further increase of preload factor more than 2.0-2.5 may 
cause reduction of reliability index due to other possible 
failure modes such as punch through which are not 
considered here.      
       It is also concluded that the penetration depth of the 
conical part of the spud-can footing may have a 
considerable effect on the global response of the jack-up 
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